Solvent isotope partitioning: a new kinetic tool for the determination of desorption rates of reactant water from enzyme-substrate complexes in proteases.
The rates of desorption of the substrate water from the binary enzyme-H2O and ternary enzyme-H2O-(peptide)substrate complexes for the two hydrolases, porcine pepsin and thermolysin, have been investigated using a novel technique, solvent isotope partitioning. The experimental design of this method was based on the protocol of Rose et al. [Rose, I. A., O'Connell, E. L., Litwin, S., & BarTana, J. (1974) J. Biol. Chem. 249, 5163-5168] wherein the binary enzyme-H2(18)O complex established in the "pulse" solution was diluted into a "chase" solution containing variable concentrations of peptide substrates in a large pool of H2(16)O. The extent of trapping of H2(18)O within the respective E-H2(18)O and E-H2(18)O-(peptide)substrate complexes was determined from mass spectrometric analysis of the hydrolytic products. Our data have shown that the substrate water molecule of pepsin is not exclusively retained in the catalytic cycle and it desorbs from the apo- and substrate-bound complexes at rates that are at least 10 and 4 times faster, respectively, than that of product formation. Similarly, the low trapping of H2(18)O in the carboxylic product of the thermolysin reaction is a consequence of the ready desorption of H2(18)O from the ternary E-H2(18)O-(peptide)substrate complex and the binary E-H2(18)O complex. We attribute these results to the loss of the reactant water molecule due to desolvation of the enzyme's active site upon substrate binding.